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NATIONAL FOREWORD 

This Indian Standard (Part 5) (First Revision) which is identical with ISO 4590 ; 2002 Rigid cellular plastics 
— Determination of the volume percentage of open cells and of closed cells' issued by the International 
Organization for Standardization (ISO) was adopted by the Bureau of Indian Standards on tfie recommendation 
of the Thermal Insulation Sectional Committee and approval of the Chemical Division Council. 

This standard was originally published in 1 985. This revision of the standard has been taken up to align it with 
ISO 4590 : 2002 by adoption under dual numbering system. 

Conditioning and test atmospheres stipulated in ISO 4590 are not applicable to tropical/subtropical countries 
like India, The applicable standard atmosphenc conditions (SAC) for Indian conditions are 27 + 2°C and 
65 ± 5 percent relative humidity and shall be observed while using this standard. 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is 
particularly drawn to the following: 

a) Wherever the words International Standard' appear referring to this standard, they should be read as 
'Indian Standard". 

b) Comma (.) has been used as a decimal marker in the International Standard while in Indian Standards, 
the current practice is to use a point (.) as the decimal marker. 

In this adopted standard, reference appears to the following International Standard for which Indian Standard 
also exists. The corresponding Indian Standard which is to be substituted in its place is listed below along 
with its degree of equivalence for the edition indicated: 

International Standard Corresponding Indian Standard Degree of Equivalence 

IS0192:3 1981 Cellular plastics and IS 1 1239 (Part 1) 2009 Method of test Identical 

rubbers — Determination of linear tor rigid cellular thermal insulation 
dimensions materials: Part 1 Dimensions {first 

revision) 

In reporting the result of a test or analysis made in accordance with this standard, if the final value, observed 
or caicuiattxi. is to De rounded off. it shall be done in accordance with IS 2 : 1960 'Rules for rounding off 
numerical values ( revist\ti 
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Indian Standard 

METHOD OF TEST FOR RIGID CELLULAR 
THERMAL INSULATION MATERIALS 

PART 5 VOLUME PERCENT OF OPEN AND CLOSED CELLS 

( First Revision ) 

1 Scope 

This International Standard specifies a general procedure for the determination of the volume percentage of open 
and of closed cells of ngid cellular plastics, by measurement first of the geometncal volume and then of the air- 
impenetrable volume of test specimens The procedure includes the correction of the apparent open-cell volume by 
taking into account the surface cells opened by cutting during specimen preparation Two alternative methods 
(method 1 and method 2). and corresponding apparatus, are specified for the measurement of the impenetrable 
volume The results obtained from method 2 (see clause 9) are intended to be used for companson purposes only 

2 Normative reference 

The following normative document contains provisions which, through reference in this text, constitute provisions of 
this International Standard For dated references, subsequent amendments to. or revisions of. any of these 
publications do not apply However, parlies to agreements based on this International Standard are encouraged to 
investigate the possibility of applying the most recent edition of the normative document indicated t>elow For 
undated references, the latest edition of the normative document referred to applies Members of ISO and lEC 
maintain registers of currently valid International Standards 

ISO 1923:1981. Cellular plastics and rubbers — Determination of linear dimensions 

3 Terms and definitions 

For the purp)oses of this International Standard, the following terms and definitions apply 

3.1 
surface area 

5 

the total surface area of the test specimen determined by measunng its geometrical dimensions 

3.2 

geometrical volume 

the volume of the test specimen determined by measunng its geometncal dimensions 

3.3 
surfaca/volum* ratio 

r 

5 
tfie ratio — for the test sciecimen 



1— seBismom 
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impenetrable volume 

i\ 

trie volume of the lest specimen into which air cannot penetrate and from which gas cannot escape, under the test 

conditions 

3.5 

apparent volume percentage of open cells 

<", 

the ratio 

^o - i\ 

'100 



^■g 



NOTE It includes the volume of the cells opened during cutting of the test specimen, and depends on the nature of the 

cellular plastic under test and on the surface/volume ratio /• of the test specimen 

3.6 

corrected volume percentage of open cells 

'•^) 

the apparent volume percentage of cells w,, corrected to take into account the surface cells opened by cutting 

during preparation of the test specimen 

NOTE It IS the ImrMt of the apparent volume percentage of open cells m^, as the surface/volume ratio r approaches zero 

3.7 

corrected volume percentage of closed cells 

the volume percentage remaining after accounting for the corrected volume percentage of open cells 

Vq - 100 -OJQ 

NOTE This percentage includes the volume of the cell walls. 

4 Principle 

The surface area .V and geometrical volume V of a numtier of test specimens, each having a different geometrical 
surfaceA/olume ratto r, is determined. 

The impenetrable volume V, is determined by either of two methods, namely: 

a) method 1 — by pressure variation (pyknometer); 

bl method 2 — by volume expansion. 

The determration of the impenetrable volume i\ .s based on the application of the Boyle-Mariotte law to a gas 
confined .r. an .ndeformaWe chamber, first in the absence and then in the presence of a test specimen. 

IIS ^rr!!)Lli"r ^^?^Ji ?^" '^"' '"^ °' '^^ '^^' ^P^^i-^^" is calculated by plotting the curve <.. =/(r) 
r^Iw^ r^ P' '^^:^ "^ calculation of the corrected volume percentage of open cells o^ and the 

corrected volume percentage of closed cells vq. k y " k-^ --o 



IS 11239(Pwt5):2009 
ISO 4590 : 2002 

5 Test specimens 

5.1 Number 

A minimum of three test specimens shall be prepared for each test A total of three tests shall be carried out per 
sample. 

5.2 Preparation 

Cut test specimens out with a band saw and machine them if necessary, taking care that there is rw deformation to 
the original cell structure other than at the surface The specimens shaH be free of dust, voids and moulding skins 

Hot-wire cutting shall not be used. 

5.3 Dimensions 

The required test specimen dimensions depend on the specific method used to measure the impenetrable volume 
Kj. Initial specimen sizes shall be as follows: 

Method 1 : Pressure variation (pyknometer) 

length: (25 ± 1)mm 

width: (25 ± 1 ) mm 

thickness: (25 ± 1) mm 
Method 2: Volume expansion 

length: (1(X)± 1)mm 

width: (30 ± 1)mm 

thRkness: (30 ± 1) mm 

5.4 Sectioning of test specimens 

Both methods require that specimens ^2 and rj of each set be further sectioned as showm in Figure 1 to provide a 
range of surface/volume ratkts for testing. 

6 Conditioning and test atmospheres 

The test specimens shall be condittoned for not less than 16 h at (23 ± 2) *C arxl (50 ± 5) % relative humidity prior 
to testing. It is important that the test be conducted at (23 ± 2) *C and preferably at co nt roMed and moderate 
humidity, i.e. (50 ± 5) %. 

7 INeasurement of surface area S and geometrical volume Vg 

7.1 Determine the Hnea^ dintensKtns of each test specimen in acxxvdance with IS0 1923, except that 
measurement shaH be made to tfw ne»est 0,05 mm. The iocatior>s of the measurement pointe shaM be m showm 
inFigitfe2. 

7.2 Calcuiata ttte average Knear dinr>ensions, trie surf»:» arsa 5 and the geometricai vokinta V^ retaining al 
significant fSguras for test specimens r^ (or>e paraleleptped), rj (tvwo pa rall e lep ipeds) arxl r, (four p a r aiela p i p e d a). 
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Round off the final values for surface area .S to the nearest 0,01 cm^ and for the geometrical volume Vg to the 
nearest 0.01 cm^ 
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■^ 





(^t) 




Figure 1 — Pattern for cutting test specimens 
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Figure 2 — Locations of measurement points 
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8 Determination of impenetrable volume t , by method 1 ; Pressure variation 
(pyknometer) 

NOTE The impenetrable volume k, is delermined by either method 1 or method 2 The principle, descriptlofi o( apparatus. 

calibration procedure and calculation for these two methods are specified in this clause ar>d clause 9 respectively 

8.1 Principle of method 1 

The following characteristics are determined for an atmospheric pressure p^mb ^""^ ^ pressure reduction /», in the 
test chamber in relation to Pamb 

a) the corresponding change in volume 6>';^i of the test chamber in the absence of a test specimen, this 
determination constitutes the calibration of the apparatus. 

b) the corresponding change in volume St'y^j o* ^^^ '^st chamber in the presence of a test specimen 
The impenetrable volume V, of the test specimen is given by the equation 

1^1 pb 

Pe 
where Pq = Pamb * Pe 
In practice (see 8 2 2). /, is calculated from the equivalent equation 

where 

/, IS the pyknometer scale reading corresponding to A^SK^^, , 

/j IS the pyknometer scale reading corresponding to Ar6i^Aj- 

K IS a constant relating the pyknometer scale re,idings to volume change in Ihp chamber 

8.2 Description of apparatus for method 1 

8.2.1 The apparatus consists of an air pyknometer that permits instant reading of the difference tietween internal 
pressure and atmospheric pressure A schematic diagram of Ihe apparatus is sho\wi tn Figure 3 If consists 
essentially of the following items 

a) test chamber A. including a removable measurement chamt)er D of volume approximately 50 cm^. which fits to 
the mam part of chamt>er A by means of an appropriate mechanical device, a filter F and an airtight circular 
)Oint G. to ensure impermeability and reproducibility of the geometrical volume of this part of ffie test chamber. 

b) chamber 8 to create the reduced pressure 

8.2.2 The two chambers A and B are linked m paraRel by means of fubmg fitted with a valve T,, which can 
connect or disconnect them, and a differential manometer M, The tutwig i::^\ be cowiecfed directly to atmosphere 
by means of valve T^. 

Wfien chamt>er D is connected to chamtier A by means of the airtight loint G and Ihe valve T, is ctosed. ihe volume 
Vfi, of the combined chambers (including the free volume ol the chambers and of ihe fubmg cormected to the 
manometer M, and to the valve T , ) can be modified by moving piston P^ by means of Cf ar* Cy^ 



3-M9aiHDn» 
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Figura 3 — SchMnattc diagram of apparatus for determination of impenetrable volume \\ by method 1 

The ridK:ator I of tfw displacement erf piston P^ penmits reading directly on a scale J. with a precision of 0,25 %. a 
value / wihtch has been precaiibrated by the manufacturer to some corresponding change hv,, starling from an 
ir»tial reference value tVi 
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2000 



NOTE The relationship Detween / and ni\ is defined by a (woportionalily constant K (/ ^ Aft'^) as pn}vK)*d by the 

equipment manufacturer or by caiib'alion ''om standard volumes The proper value tor K is obtained only it ttvs /eto reading on 
scale J IS previously adjusted aunng the setting up of the air pyVrK)fneter in accordance with the manufacturer » Instruction* 
The value of A for one commercially avanable air pyknomeler is ? 

8.2.3 Chamber B can be connected directly to the atmosphere by means of valve Tj Moreover, it is connected 
by means of tubing and valve T^ to a differential manometer M^ wfiich indicates the pressure reduction that can be 
imposed at any time on the internal volume of chamber B with respect to the ambient atmosphere The manometer 
M2 shall permit the reading of the pressure reduction to 0.25 % (1 e a pressure reduction /), of 
be read to within 1 0,5 mmH20) 



200 mmH^O shall 



The pressure in chamber B is adjustable (when valves T, and T3 are closed) by moving piston Pg by means of 
crank Cg. The difference, /jg (negative in the procedure for method 1) between the pressure pg in chamber 8 and 
the atmospheric pressure p^rnt '^ indicated on the manometer Mj when valve T^ is open 

Pe ^ PB - /'amb 

8.3 Calibration of pyknometer apparatus 

Determine, in accordance with the test procedure specified in 8 4 and for the afmosphenc pressure p,,^ prevailing 
at the moment of test, the reading /, corresponding to a pressure change p^ - - 200 mmH^O m relation to /»,me 

NOTE 1 In order to eliminate tfte need to determine /, each time the barometric pressure /ij„^ changes it may be desiralSe 
to establish a calibration curve of /, = Hj'g„ti^ 'or a given value of />, This can be accomplished as sfwwn m Figure 4 by 
repeating the calibration procedure over a period of several days over which /'„^ vanes 

NOTE 2 II It IS desired, for some cellular matenals to determine the impenetrable volume of ttie lest specimens al arxXher 
pressure reduction /i^', for example - 300 mmH20. it will l>e necessary to plot a calibration curve for /<,' 




Atmospheric pressure. p,„^ (kPa) 



Figure 4 — Calibration graph for mettiod 1 (p^ = 200 mmH,0) 



IS 11239 (fhvt 5): 2009 
ISO 4590:2002 

8.4 Proc«dur« for method 1 

8.4.1 Prior to testing, move pistons P^ and Pg atong the wliole available distance to change completely the air in 
ctiamt>ers A and B and the tubing For this, all the valves vwill have to be open In order to obtain greater 
homogeneity between the internal and external environments, it is advisable to repeat the operation several times. 

Determine the atmospheric pressure /»„^ to the nearest 10 Pa". 

8.4.2 Venfy the zero readings of manometers M, and Mj 

8.4.3 Place chamber (containing the test specimen, if applicable) in position. 

8.4.4 Again change the air in the apparatus by moving pistons P^ and Pg in the appropriate way. 

8.4.5 Adjust piston P^ so as to obtain a readir>g / = on scale J. Position piston Pg to enable the desired 
pressure reductKxi to tie achieved 

8.4.6 Close vaWes T3. Tj and then T, Wait a few seconds Both manometers M, and M2 should indicate zero. If 
such is not the case, re-open valves T,. T3 and T2. repeat the Of>eration sp^ecified in 8.4.4 and then proceed in 
accofdarx;e with 8 4 5. If the manometers continue to show instability, measurements are impossible due to 
anomalies discussed m annex A (see clauses A.4. A. 5 and A.6). 

8.4.7 When the differential manometers are stable, lower the internal pressure by progressively moving piston 
Pg and almost simultaneously piston P^ to maintain the indicator on manometer M, close to zero, while observing 
the pressure reduction on manometer M2 



Never move piston P^ backwards dunng this operation 



8.4.8 Proceed as specified in 8 4 7 until the pressure reduction p^ 200 mmH^O The equilibrium must be 
statMe If such is not the case, there exists one of the anomalies discussed in annex A (see clauses A 4. A 5 and 
A 6) name^y rupture of cell walls, test specimen deformation or rapid variation of /■ (^ 

In the case of test sp-^nmens of new types of cellular matenal, preliminary determinations shall be performed using 
several values of pressure reduction p^. chosen in arithmetic progression (for example. 100mmH2O, 
200 mmHjO. 300 mmH;jO. etc ) During the test, the highest value of the pressure reduction shall be used for 
which ■ still varies directly as /■,. and which permits a stable equilibrium to be achieved The apparatus shall be re- 
calibr.ited in accordance with 8 3. using that value of p^ 

8 4 9 Note the value of /, or /^ corresponding to the pressure reduction p^ Then open valve T, and progressively 
bring the pyknometer apparatus to almosphenc pressure by means of piston Pg and. if necessary, piston P^ When 
the reading on manometer M_, is equal to zero, open all valves Never return to atmospheric pressure too abruptly 

8 4.10 Repeat twice the operations from 8 4 5 to 8 4 9 Generally, the first two values of I2 (or of /,) will be 
appreciably different Suppose that the second value is lower than the first If the third value obtained lies between 
the first two and does not differ from the second by more than the precision in reading /, calculate U (or /,) as the 
average of the last two readings 

If these two condrtK)ns are-not met and particularly if the third reading is still lower than the second, carry out fresh 
measurements as above until two measurements do not differ by more than the "reading" error. 



1 i 10 Pa a 1 iTwnHjO 
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8.5 Calculation for method 1 

Calculate the impenetrable volume i\ from the equation 

' . = — n — Pb 

where 

/. is the value corresponding to the atmospheric pressure p^^f^ prevailing at the time of test; 
Pb (= Pamb "*" /'e) '^ expressed in millimetres of water 

9 Determination of impenetrable volume K, by method 2: Volume expansion 

9.1 Principle of method 2 

In accordance with the Boyle-Mariotte law, an increase in volume of a confined gas results in a proportionate 
decrease in pressure If the size of a chamber Is increased equally with and without a test specimen m the 
chamber, the pressure drop will be less for the empty chamber In this method, the relative pressure drop. 
previously calibrated to standard volumes, is determined from the difference in scale readings of a manometer tube 
open to atmospheric pressure 

The impenetrable volume I, is seen by the chamber as a smaller apparent standard volume as the percentage of 
open cells increases 

9.2 Description of apparatus for method 2 

9.2.1 The apparatus consists of a glass-tubing manometer assembly as sfKJwn schematically in Figure 5 The 
test specimen chamber K is provided with a ground-glass cap L such that a gaslight seal can be oMained by 
applying vacuum grease to the joint The chamber K is connected via an expansion bulb N to a marrometef M3 
filled with water containing a few drops of a surfactant and a colorant The liquid level in the manometer is adjusted 
by means of a reservoir O (This can be controlled by using a syringe ) The gas chamber K is brought to 
atmospheric pressure prevailing at the time of test by means of the valve T^ A scale Q, graduated in mrthmetres, is 
attached to the open arm of the manometer M3 

9.2.2 In order to avoid errors due to fluctuations in ambient temperature, the whole apparatus shall be endosed 
in a draughtproof case R, fitted with a transparent front panel and a trap door S through which test specimens can 
be introduced Into the chamber K 

NOTE Several mcxlels of such apparatus have been constructed and used successfulty. ob»»rv»ig the foUoionnfl 

parameters 

a) volume l'^ of the chamber K and glass tubing to mark U, 310 cm^ 

b) volume ^■^, of the expansion bulb t>etween marks U, and U^ 10,5 cm' 

c) height of mark U^ above the bottom of the manometer at least 650 mm 

d) minimum internal diameter of the glass tutiing 10 mm 
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Figur* 5 — Schematic diagram of apparatus for determination of impenetrable volume 1 by method 2 
9.3 Calibration of volume-expansion apparatus 

9.3.1 Six calibrated standards are required (for example brass cylinders) having volumes up to 150 err, ' known 
wrtth an accuracy of 1 cm^ 

9.3.2 With waive Tg open, adiust the liquid level in the manometer M3 to mark U^ and note to the nearest 
mafcnetre lf>e corresponding level H , on the open arm of the manometer 

9.3.3 Raise the liqu«J level up to mark U, Close the valve T^; Let the volume of the chamber K (mriudmg the 
tubing up to U,) be » ,< and the atmospheric pressure prevailing at that momen! be p,,^^. 
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9.3.4 Lower both liquid levels by withdrawing the liquid until the leve) in the dosed arm reacties mark Uj. 
corresponding to an expansion 6l'^ Perform this operation slowly, controlling the speed so that the liquid level 
passes from mark U, to mark Uj in (60 ± 1) s Wait (30 + 1) s to allow the liquid sti» on the wall of the expansion 
bulb N to rejoin the manometric liquid, constantly keeping the liquid level at mark U2 At the end o' this time, read 
the liquid level ft^ '" ^^ ^P^" ^"""^ °' ^^ manometer, rounding to the nearer* TiiHimetre Then slowly open valve 
Tg. set the liquid at mark U, and repeat the previous operations until two suc^ssive identical readings, rounded to 
the nearest millimetre, are obtained. 

9.3.5 Remove the cap L. insert in the test chamber K a calibrated standard of known volume t'c and replace the 
cap 

IMPORTANT NOTE To meet the required stability conditkxi for K^ (see annex A, dause A 1 ). it is imperative thai the cap L 
is always placed in the same position on the chamt>er K because even a small variation n the position o' trie cap on th« 
chamber can produce a significant variation in the initial volume. 

Repeat the operations specified in 9.3.3 and 9.3 4, and record, to the nearest millimetre, the level ff^^ on the open 
arm of the manometer. 

9.3.6 Calculate the ratio 
>»'2-»*3 

where 

Af'i is the reading of the initial level; 

W2 and iKj are, respectively, the manometric readings after expansion for the test chamber K without and with 
the calibrated standard present 

Then 

9.3.7 Repeat the operations specified in 9 3 2 to 9 3 5 using other calibrated standards havmg volumes t-V •. l^' . 
etc. 

For If-', the readings will be If,'. '♦'2 ■ "'s' ^"^ 






Plot these results on a graph having, as abscissae, the values of ic *'c «*<^ ^nd for the ordmates the 
corresponding values of the ratio 



W2-iV3 



The graph should be a straight line passing through the ongm. 

This graph (see Figure 6) will be used for the determination of the impenetrable volume *-. of the test specimens 
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Figure 6 — Calibration graph for method 2 
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9.4 Procedure and calculation for method 2 



9.4.1 Using a test specimen in place of a calibrated volume standard, follow tfie same procwJure as for tfie 
calibration (see 9.3). 

9.4.2 Calculate the ratio 

»"2-»"3 

obtained with the test specimen and read from the calibration graph (see Figure 6) the corresponding value of the 
impenetrable volume f, from the abscissae. 

10 Correction for specimen surface cells opened during specimen preparation 

10.1 For the pressure-variation method (clause 8) 

After K| has been determined for each of the (at least) three specimens, bisect each specimen three tones along its 
three centre planes to give eight cubes. Determine the impenetrable volume of each set of eighl cut>es foilowirtg 
sut>clauses 8.4.5 to 8.4.9 and record the average volume as v^ 

10.2 For the volume-expansion method (clause 9) 

Determine the apparent volume percentage of open cells in the test specimens, w,. correspoodmg to various 
valuesof ; (=5/Kg). 

Use at least three test specimens for each of three values of » (consisting of one paraMeleptped for r,, two 
parallelepipeds for i^. and four parallelepipeds for f'3) These values will be used for ptotting the straight line 
"', =/(') 3rid its extrapolation to /• = which gives the desired a^ 

The cutting pattern for the different values of r is shown in Figure 1 : an example of the straight Nne ai, - f{r) is 
shown in Figure 7. 

NOTE Should this straight line intercept the ordinate below the origin, eittier ttw apparatus is not working property or «>• 

test procedure has not been followed properly 
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Figure 7 — Graph for determining the correction factor for cells opened durirtg test specimen prmparmon 
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1 1 Expression of results 

11.1 Apparent vdunw percentage of open cells 

Calculate the apparent voluma percentage of open cells, e^, of the test specimens from the equation 



"g 



x100 



wtwre 

K, is the geonwtric^ volume, in cubic centimetres, of the test specimens determined in accordance with 7 2; 

K, is the impenetrable volume, in cubic centimetres, of the test specimens determined in accordance with 
either method 1 (see 8 5) or method 2 (see 9 4.2). 

11.2 Corractsd volume percentage of open cells 

11.2.1 For the pressure-variation method (dause 8) 

*>o = — ^ xlOO 

11.2.2 For the vokwne-expansion method (dause 9) 

Plot the curve a^. "/{r) and, by extrapoMing to r > 0, determine the corrected volume percentage of open cells o^. 

11.3 Corrected volume percentage of dosed cells 

Calculale the corrected volume percentage of dosed ceto ^ from the equation 
Vq >100-a»o 

12 Precision and accuracy 

1X1 The precision of the pressure-variation method (method 1 ) is shown in Table 1 The data are from a round 
robin corKfcK:ted in 1981 (see the note). Tests were conducted in five laboratories. Each test result was the average 
from Ave specimens. Each laboratory reported one result per material. 

NOTE Data are miwUbf from ASTM. 100 Barr Hartxv Oriw. West Conshohocfcen. PA 19428. USA Request research 

report RR D2O-1099 
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Table 1 — Percentage of open cells including correction for surface cells op*r>ed during specimen 
preparation — Pressure-variation method (method 1) 



Material 


Average 

% 


% 




% 


1, 

% 


Ext PS 


0,71 


0.54 


1.07 


1.53 


3.39 


Ext PS (NBS GM53) 


1,97 


0.38 


55 


1 08 


1 89 


Trimer PUR (NBS GM43) 


3.54 


0.40 


1.39 


1 13 


4.09 


PUR 


4.43 


0.50 


1.14 


1 42 


3 52 


Exp PS 


7.99 


0.42 


0.43 


1 19 


1.70 


where 

s^ Is the within-laboratory standard deviation; 

s^ is the square root of the variance between laboratories; 

/^ = 2.83v, (see repeatability below); 

/^ = 2.83v(*/ * s^^) (see reproducibility below) 



Repeatability: In comparing tvs^o averages (each of five specimens) for the same matenal. obtained by the same 
operator using the same equipment on the same day, the averages should be judged not equivalent if they differ by 
more than the /, for the material 

Reproducibility: In comparing two averages (each of five specimens) for the same matenal. obtained by different 
operators using different equipment on different days, the averages should be judged not equivalent if they differ by 
more than the /^ for the material. 

The accuracy of this method cannot be stated because there are no established reference matenals for the 
charactenstic being determined 

12.2 The precision of method 2 is not known, and data obtained by this method should not be used m resotvtng 
disputes between suppliers and users 

13 Test report 

The test report shall include the following information 

a) a reference to this International Standard; 

b) all details necessary for complete identification of the cellular matenal tested. 

c) the procedure used for the determination of impenetrable volume l,. i e method 1 (pyknometer) or method 2 
(volume expansion); 

d) the individual results and the mean values of the corrected volume percentage of open cells n^ »x3 of closed 
cells (/q; 

e) when applicable, the direction of the greatest dimension 4 of the test specimens (see Figure 1) m relation to 
any anisotropy of the material; 

f) any deviation from the method specified; 
9) the date of testing; 

h) all details necessary to identify the test faality 
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Annex A 

(normative) 

Notes on procedure 



A.1 stability of raferenc* voiurTW 

**** n is essential that the refetence volume of the test chamber is constant This volume affects 6r^i and 6^^ 

(method 1) and F^ -•■ 5^^ (method 2). 

Should the reference v^ue not be identical in the measurements with and without the test specimen, the enw in 
determining K,. v^htch is determined by difference, could become important 

11 A.2 influence of atmospheric pressure 

f-l The atmospheric pressure p^^ normaOy should not vary by more than 100 Pa^) during the period of testing with 

arxl without spectmera. 

In the case of method 1 , tfie use of the calibration graph /, =f{pg^ (see Figure 4) permits C9rrecting for such 
variation in Pamt,. if it exists. 

fl On the contrary. nr>ethod 2 requires verification of the stability of p^^ during the complete test period. 



A.3 Choice of the value of />« (method 1) or SK^ (method 2) 

The precision of the test metttod Hicreases with an irtcrease in p, (or 5^^). 

On the other hand, it is necessary to use p, (or sy^) values sufficiently low to maintain Kj constant during the test 
and to avoid rupAun of celt walls due to pressure variations. 

The most appropriate values depend on the nature of the cellular material involved. For method 1. it has been 
found that 200 mmH20 is a satisfactory value for most celluiar plastics. 



^ A.4 Influence of temperature 

Because the Bcyte-Mariotte law assumes constant temperature, it is necessary to operate in a room with 
!„ temperature control. The same ret^jirement applies if Nquid differential manometers are utilized. 



The apparatus and test specimens shal be conditioned in me controHed-temperature room for a sufficient period to 
reach equilibrium before testing. 

For the sanw reason, it is necessary to avoid any heating or cooing of the test chamber betvveen two 
m^surements. for ir»tance because of an abrupt shift of the test chamber from reduced pressure to atmospheric 
pressure. 
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A.5 Influence of humidity 



It is advisable to work under controlled and moderate humidity conditions [for example (50 t 5) % relative humtdtty) 
The effect of humidity variations can be detected dunng the measurements (instability of the equilibrium m the 
initial conditions of />g or 61]^ or lacl< of repeatability between two successive measurements) The presence of 
moisture in test specimens is revealed by behaviour similar to that descnbed in clause A 6 

A.6 Influence of gas occluded in test specimens 

Test specimens having in their cells gases other than normal air at atmosphenc pressure behave dunng the 
pressure-variation cycle as if their impenetrable volume vanes with time In method 1. this may. for example, cause 
instability of 61'^ at a given p^. 

Diffusion of blowing-agent gases, infusion of air by permeation through the cell walls or the presence of moisture 
can cause this problem. 

This can generally be detected by determining, prior to the beginning of the test, whether Vne initial equilibrium can 
be maintained with the test chamber isolated from the atmosphere 

If drift or instability occurs, this can be corrected in some cases by cutting the test specimens at least one week 
before the test measurements are made. In other cases where the diffusion rate is slower, correction can tie made 
by determining (', at various times for each specimen, plotting l\ versus the square root of elapsed time, and 
extrapolating the resulting straight line back to zero time. (', at zero time will be free of the effect from occJuded 
gases in the cells 



t? 



Bureau of Indian Standards 

BlS iS a staturory institution ei'ac a^e ; .■■ !e- "le Surejw C i^di^n S'jrJ.irji^ A.:! ''Jiit '.-■ :;'...r';otr 
harmonious development of tfie ac'ivit-v;. :' -i'andardYation, rriarking .-r.d quaii'v -jv" ' .,aii--.---- ,' 
goods and attending to connected matteri - r^e country 

Copyright 

BIS has the copyright of all us publications No part of the these publications may be reproduced in 
any form without the prior permission in writing of BIS, This does not preclude the free use. in the 
course of implementing the standard, of necessary details, such as symbols and sizes, type or grade 
designations. Enquiries relating to copyright be addressed to the Director (Publications), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are 
also reviewed periodically; a standard alongwith amendments is reaffirmed when such review indicates 
that no changes are needed; if the review indicates that changes are needed, it is taken up for revision. 
Users of Indian Standards should ascertain that they are m possession of the latest amendments or 
edition by referring to the latest issue of BIS Catalogue' and 'Standards: l\/1onthly Additions'. 

This Indian Standard has been developed from Doc No.: CHD 27 (1535). 

Amendments Issued Since Publication 

Amend No. Date of Issue Text Affected 



BUREAU OF INDIAN STANDARDS 

Headquarters : 

Manak Bhavan, 9 Bahadur Shah Zafar Marg. New Delhi 11 0002 

Telephones 2323 0131 . 2323 3375, 2323 9402 Website : www bis.org. in 

Regional Offices Telephones 

Central Manak Bhavan, 9 Bahadur Shah Zafar IVIarg ,2323 7617 

NEW DELHI 110002 : 2323 3841 

Eastern 114 C.I.T Scheme VII 1^. V.I. P. Road, Kankurgachi ■ 2337 8499, 2337 8561 

KOLKATA 700054 [ 2337 8626, 2337 91 20 

Northern SCO 335-336. Sector 34A. CHANDIGARH 160022 260 3843 

260 9285 

Southern GIT. Campus. IV Cross Road. CHENNAI 6001 13 2254 1216, 2254 1442 

• 2254 2519,2254 2315 

Western Manakalaya, E9 MIDC, Marol, Andhen (East) 2832 9295. 2832 7858 

MUMBAI 400093 2832 7891 . 2832 7892 

Branches AHf^EDABAD BANGALORE BHOPAL.BHUBANESHWAR.COIMBATORE.FARIDABAD 

GHAZIABAD GUWAHATI HYDERABAD. JAIPUR. KANPUR. LUCKNOW. NAGPUR. 
PARWANOO PATNA, PUNE RAJKOT.THIRUVANANTHAPURAI^ VISAKHAPATNAM 



PniNTEO BY TH£ GENERAL MANAGER. GOVT. OF INDIA PRESS, NASHIK-422 006 



